Gamma radiation has been used successfully to study the physical, chemical, and biological properties of a number of viruses (1, 3, 4, 9) , and data from many of these studies correlate well with data obtained by other methods (5, 6, 13) . In the study reported here, gamma radiation was used to study the Some pools were also prepared in albumin-free medium 199. BHK-21 Spinner cultures were prepared by seeding culture vessels simultaneously with 100 to 200 ml of cell suspension adjusted to contain 1.0 X 106 viable cells per ml and rubella virus at an imput ratio of 0.003. The Spinner medium employed was that described by Vaheri et al. (16) , except that 100 ;pg of neomycin per ml was substituted for nystatin. Cultures were harvested at 2-to 3-day intervals by removing one-half of the culture medium and replacing it with an equal volume of fresh medium. Harvested fluids were frozen and thawed to disrupt the cells, and were then centrifuged at 4 C for 30 min at 800 X g to remove the debris. Clarified fluids were stored at -55 C until they were divided for irradiation.
Virus irradiation. Rubella virus suspensions, supplemented with various additives, were plug-frozen in alcohol-dry ice in screw capped tubes (20 X 125 mm), 15 ml of virus suspension per tube. The additives employed were HPA, agamma calf serum, L-histadine (L-HIS), L-methionine (L-MET), and L-cysteine (L-CYS). The samples were gamma-irradiated in dry ice (to minimize indirect radiation effects) by exposure to cobalt 60 or cesium 137 at a dose rate of 62 to 1,614 krads/hr. Samples received total dosages ranging from 2.5 X 105 to 4.5 X 106 rads. Radiation dosimetry was calculated by the ferrous-ferric sulfate system (5) .
Determination of inactivation kinetics. Residual live rubella virus in irradiated preparations was measured by the interference technique (12) in PCMK tube cultures. Serial 10-fold dilutions of virus irradiated at each dose level were prepared in Eagle basal medium with Earle salts supplemented with 2% FCS and 30 pug of erythromycin, 25 ;sg of aureomycin, 100 pg of streptomycin, 100 units of polymixin B, and 5 pug of amphotericin B per ml (BME-E maintenance medium). A 0.2-ml amount of 807 on October 27, 2017 by guest http://jvi.asm.org/ Downloaded from each dilution was inoculated into a total of 20 to 25 PCMK cultures from which the medium had been removed. After an adsorption period of 2 hr at 35 C, 1.8 ml of BME-E maintenance medium was added to each tube, and the cultures were incubated at 35 C in the stationary position. The medium was changed at 7 days, and the cultures were challenged at 8 to 11 days with approximately 1,000 TCID5o coxsackie A-9 virus. Unirradiated virus controls were tested in a similar manner. A standard rubella virus preparation (M-33 strain) was assayed in each lot of cells employed to determine the relative sensitivity of the cells for rubella virus. Titers were plotted as percentage of survival on semilog paper, and D,7 values were read from the graph. Radiosensitive molecular weights were calculated by the method described by Ginoza (5).
RESULTS
Inactivation kinetics. Figures 1 and 2 show that exposure of the Gilchrist and M-33 strains of rubella virus to gamma radiation results in an exponential decay of virus infectivity. This indicates that the virus preparations were homogeneous with respect to radiation sensitivity. Examination of D37 values (Table 1) shows that there was little difference in the radiation sensitivity of the Gilchrist strain when irradiated in the presence of medium 199 or medium 199 containing 1% HPA, 1% HPA plus 0.2% L-HIS, or 1% HPA plus 0.2% L-MET. Addition of 0.2% L-CYS to the irradiation medium decreased the radiation sensitivity of the virus preparations. Figure 2 also shows that there is no significant difference in the rate of inactivation of the Gilchrist and M-33 strains propagated in PCMK cells and irradiated in the presence of medium 199 containing 1% HPA. Similar curves were obtained for both strains when propagated in BHK-21 cells and irradiated in the presence of BHK-21 Spinner medium. In addition, it was found that the tissue substrate used for virus propagation had little effect on the radiation sensitivity of a given strain. Thus, the D37 value for the M-33 strain propagated in the PCMK cells was 2.0 X 106 rads and was 1.9 X 106 rads when propagated in BHK-21 cells (Table 1) .
Radiosensitive molecular weights. Radiosensitive molecular weights computed from experimental D37 values ranged from 1.9 X 106 to 3.3 X 106 daltons for the Gilchrist strain and from 3.8 x 106 to 4.0 X 106 daltons for the M-33 strain (Table 1) . Excluding the low value obtained for virus irradiated in the presence of the radioprotective substance L-CYS, the overall range in radiosensitive molecular weight for both strains was 2. inactivated exponentially according to "one hit" kinetics. These data are consistent with those shown for other viruses after gamma irradiation, including polyoma (1, 9), foot-and-mouth disease (13), Venezuelan equine encephalitis (15), vaccinia, St. Louis encephalitis, Western equine encephalitis, and polioviruses (8), SV40 and adenovirus type 7 (4), influenza A (14), and for a cabbage looper nuclear polyhedrosis virus (7) .
Inclusion of the sulfydryl compound L-cysteine to the irradiation medium protected the virus against radiation damage as indicated by a reduction in the slope of the inactivation curve. This modification of direct radiation effect has also been observed after X-ray irradiation of tobacco mosaic virus in the presence of reduced glutathione (6) and has been attributed to intermolecular energy transfer (5) . No such effect was observed when the sulfur-containing Ginoza (5) showed that, when single-stranded ribonucleic and (RNA) or deoxyribonucleic acid viruses are irradiated under conditions selected to minimize indirect radiation effects, radiosensitive molecular weights closely approximate the molecular weights obtained for the nucleic acid moieties by physico-chemical methods. Several studies (2, 10, 11) have shown that rubella virus contains RNA, and it is generally assumed that the molecule exists in the single-stranded form in the mature virion. Our studies have shown that the radiosensitive molecular weight for rubella virus ranges from 2.6 X 106 to 4.0 X 106 daltons. Physical-chemical data, however, are needed to confirm these findings.
